ABSTRACT. Little information exists on the population trends of gulls and terns nesting in the Arctic. In 1997, we surveyed the number of glaucous gull (Larus hyperboreus), herring gull (Larus argentatus), and arctic tern (Sterna paradisaea) nests on the Belcher Islands (56˚00' -57˚30'N, 79˚30' -80˚00'W). We compared our results with the mean number of nests per island counted in the Belcher Islands in the late 1980s using the same survey methods. The mean number of gull nests per island had declined in all five archipelagos surveyed, and the decline was significant in three regions. The number of arctic tern nests had also declined in all three regions where they were originally present, although this decline was significant in only one region. The causes of these apparent declines are unknown. Adult mortality or emigration of gulls from the area may have occurred in response to changes in polynya formation during recent winters, which restricted access to marine food sources. Reproductive success of gulls may also be low in response to the recent 75% decline in common eiders nesting in the Belcher Islands. Eider eggs and ducklings are an important food source for gulls during the breeding season. The decline of nesting arctic terns may reflect either winter mortality of tern populations caused by unknown factors or emigration out of the Belcher Islands in response to regional egging and disturbance by local residents.
INTRODUCTION
Populations of many gull species have increased dramatically during the last century (Blokpoel and Tessier, 1986) . Expansions in range have accompanied population increases for several species. For example, great blackbacked gulls (L. marinus) have increased in number and are ranging further south in Atlantic Canada and New England (Drury, 1973 (Drury, , 1974 Ewins et al., 1992) . Gull populations have apparently responded to increased levels of food from garbage waste (Spaans, 1971 ) and fisheries offal (Furness et al., 1992; Howes and Montevecchi, 1993) . These artificial food sources may enhance reproductive success during the breeding season and overwinter survival of both young and adults (Sibly and McCleery, 1983; Pierotti and Annett, 1991; Pons, 1992) . The population dynamics of gulls are of interest because some gull species depredate the nests of other birds. Predation by gulls may increase when artificial food sources are suddenly removed, forcing gulls to prey intensively on naturally occurring prey (Pons, 1992; Regehr and Montevecchi, 1997; Gilchrist, 1998) .
Whereas gull numbers have generally increased, tern populations have tended to decline (Nisbet, 1973; Drury, 1973 Drury, , 1974 Courtney and Blokpoel, 1983; Chapdelaine, 1995; Spendelow et al., 1995) . In fact, one factor causing declines in tern populations is that terns are often displaced from their nesting areas by increasing populations of breeding gulls (Kress, 1983; Morris et al., 1992) . Disturbance, loss of nesting habitat to human development, and a reduction in their food supply caused by commercial fisheries have also been implicated in the decline of tern populations in North America (Morris and Hunter, 1976; Morris et al., 1980) . In contrast to populations breeding at southern latitudes, arctic species are unlikely to have food waste as a significant factor during the breeding season (except perhaps the ivory gull; Haney and MacDonald, 1995) . Therefore, gulls and terns nesting in the North should rely on natural prey items while breeding, and perhaps are less affected by human development. However, there is very little information on the population trends of gulls and terns nesting in the Arctic.
We counted nests of glaucous gulls (Larus hyperboreus), herring gulls (L. argentatus), and arctic terns (Sterna paradisaea) breeding in the Belcher Islands in 1997. Nests were counted in the Belcher Islands in the 1980s, using the same survey methods (Fleming and McDonald, 1987; Nakashima and Murray, 1988; McDonald and Fleming, 1990) . This paper compares the 1980s counts of gull and tern nests to our 1997 counts and explores possible reasons for the differences.
METHODS

Surveys
The Belcher Islands (56˚00' to 57˚30'N, 79˚30' to 80˚00'W) are a complex of island archipelagos in southeastern Hudson Bay. Islands range in size from 1 m 2 to >1000 km 2 . This region and its avifauna are well described by Freeman (1970) and Manning (1976) . Five archipelagos were chosen for a study between 1985 and 1989 to assess common eider nesting densities (Fleming and McDonald, 1987; Nakashima and Murray, 1988; McDonald and Fleming, 1990) . In these studies (Fig. 1) , all islands less than 500 ha were numbered within each region, and 50% of these islands were randomly selected for survey. We attempted to return to these selected islands in 1997. In some cases, however, logistical constraints prevented us from doing so. Occasionally an island was not clearly delineated on the maps or may have been attached to the mainland at low tide. Sample sizes thus vary between the two surveys. All surveys were conducted in early July.
Islands were surveyed by one of two methods. Small islands (< 0.05 ha) could be completely examined from a boat. If there was any evidence of nesting birds, we landed to examine the island on foot. During surveys, crews of three to six field workers walked across islands 10 m apart from each other. If the island could not be surveyed in one sweep, the crew member at the outside of the line would mark the extent of the first pass with rocks or sticks. The crew would then turn around and return, counting only nests on the opposite side of the previously marked line. In this manner, islands were completely surveyed with little risk of missing nests or counting nests more than once.
Gull nests were easy to locate because there was little vegetation and their large nest mounds usually stood out prominently. As in previous surveys, no attempt was made to distinguish between glaucous gull and herring gull nests, as the eggs of these species could not be distinguished reliably. Islands that supported tern colonies were obvious because large numbers of terns circled above these islands as we approached. On islands where terns were present, we intensified the survey and walked closer together (ca. 5 m apart). Undoubtedly, some tern nests were still missed by the survey, but we assume that the numbers of nests missed by crews in the 1980s and in 1997 should be the same because survey techniques were identical. In fact, many of the same individuals participated in both surveys.
When a nest was found, its contents were called out to one crew member, who recorded the information. For each nest, we recorded the species, the number of eggs, and the status of the nest. Nest status was recorded as either (1) incubating, (2) pipping, (3) all eggs hatched, or (4) partially depredated or completely destroyed.
Statistical Analysis: Constraints Imposed by Historical Data
Historical data for gulls and terns were extracted from the following studies: Nakashima and Murray (1988) , for surveys of the Sleeper Islands, Laddie Islands and Split Islands (1985 season); Fleming and McDonald (1987) , for the South Flaherty Islands (1987 season); and, McDonald and Fleming (1990) , for South Churchill Sound (1988 season). Unfortunately, only summaries of mean nests per island for each region were available to make comparisons with 1997 data (originally presented with standard error and island sample size). Our ability to detect differences in the nests per island of these species was low, and resulted in a conservative test for differences in the number of nests found. This is especially so for arctic terns because of the high variance in the number of nests counted per island. Therefore, we used a modified t-test (two-tailed) that allowed for unequal variances and sample sizes (Zar, 1984) , because we did not want to assume that the two samples had equal variances. However, even with unequal variances and skewed distributions, t-tests are reasonably robust and are as informative as their nonparametric counterparts, such as the Wilcoxon matched-pairs signed-ranks test (Stewart-Oaten, 1995). Clearly, island-by-island comparisons that recorded gains and losses between the two study periods would have been a much more powerful test. We were able to make this comparison with common eider data (Robertson and Gilchrist, 1998) .
In some instances, we could extract nest information about specific islands, typically those that supported large numbers of gull and tern nests and were specifically highlighted in the original reports. These data enabled comparisons between individual islands (one island for gulls, and four islands for arctic terns).
RESULTS
Gulls -1997
In all, 208 nests were found on 431 islands, for a nest density of 0.5 (± 2.2 SE) nests per island (Table 1) . The highest density, 1.7 (± 5.7 SE) nests per island, found in South Churchill Sound, was due to a relatively large colony of 28 gulls found on one island. The Split and Laddie island groups had the lowest density: only 16 nests were found on 144 islands. Gull nests were also spread out over a greater number of islands in South Churchill Sound (22.2% of islands) than in the Laddie and Split Islands (5 to 8% of islands). Most nests were found while their eggs were still being incubated, and the mean clutch size of nests with eggs was just over two eggs (2.2 eggs/nest, ± 0.7 SE).
Terns -1997
Tern nests were found only in the three northern regions of the study area ( Table 2 ). The Sleeper Islands group supported the largest number of nests (79%, 213 of total 270 islands). The distribution of tern nests was highly clumped; most nests were found in a few large colonies. All nests were found while they were being incubated, and the mean clutch size was 1.6 ± 0.5 eggs per nest.
Comparisons between 1980s and 1997
The mean number of gulls nesting per island in the study region has declined by 50% (Table 3 ). All five regions showed a decline in gull nest density since the 1980s (Table 3) . In three regions, and overall, this decline was (Table 3) . Since the number of islands in the South Churchill Sound region is small, we were able to return to all 27 islands surveyed in 1988. In 1988, there were 87 gull nests in the region; in 1997, only 45 nests were found (-48.3% change). In 1988, the highest number of nests found on one island was 46; in 1997, only 28 nests were found on the same island (-39.1% change). In all three regions, and overall, there was a decline in the number of tern nests found (Table 4) . However, this decline was significant only in the Laddie Island region. In the Sleeper Island region, the largest number of tern nests found on one island in 1985 was 283, while in 1997 only 29 nests were found on this island (-89.8% change). In 1985, another island in the Split Island group supported a colony of 79 tern nests, but only 47 nests were found on this island in 1997 (-40.5% change). In 1985 in the Laddie Islands, the two islands with the highest numbers of nesting terns had 31 and 26 nests on them respectively; in 1997, no tern nests were found on either island.
DISCUSSION
Interpretation of Survey Results
In the Belcher Islands, common eiders, gulls, and terns all nest on offshore islands that are inaccessible to mammalian predators. They may even nest in association with one another (Kistchinski and Flint, 1974; Götmark and Åhlund, 1988; Robertson and Gilchrist, 1998) . Thus, surveys designed to assess the nesting density of one of these species should reliably assess all three (Komdeur et al., 1992) . The nesting chronologies of eiders and large gulls in the Belcher Islands are similar, so counts conducted in early July should effectively survey both eiders and gulls. Indeed, in 1997 most gull and eider nests were counted while eggs were being incubated (Robertson and Gilchrist, 1998 ; Table 1 , this study). Terns breed later than gulls and eiders, so some late nesters may not have begun to lay their clutches. However, it appeared that most terns had laid their eggs, as shown by the normal clutch size information we obtained ( Table 2) . As surveys were carried out at the same time each year, such late nesters would have been missed in both surveys, and no bias would result regarding population trends.
Despite low statistical power, we found that the numbers of gull and tern nests found in the Belcher Islands declined between the two surveys. There are several possible reasons for this, which are not mutually exclusive: 1) gulls and terns may have moved to other islands in the Belcher group, which we did not survey in 1997; 2) extensive nonbreeding by gulls and terns in the region may have occurred in 1997; 3) birds that were resident and breeding in the 1980s may have emigrated out of the Belcher Islands to nest elsewhere; and 4) fewer adult gulls and terns may have been alive in the local population. Survey results may be wrongly interpreted as population declines if birds disperse from large colonies and establish small colonies that are difficult to find. However, our surveys covered up to 50% of randomly selected islands in five study regions. Thus, it is unlikely that we missed a sufficient number of islands with high nesting densities to account for the decline. Further, we found that the number of gulls and terns declined in all regions surveyed, and that there was no obvious shift in their distribution between regions. In 1997, weather and ice conditions were also favorable. Nesting islands and adjacent waters were free of ice early in June, and both gulls and terns nested relatively early. Among gulls, very few empty nests were found on islands, and mean clutch sizes were well within the norm for the species (Table 1; Pierotti and Good, 1994) . Further, the number of gulls flying above islands (recorded as pairs) generally matched the numbers of nests we found. These observations were not difficult to make because of the small numbers of gulls and nests we observed on each island (Table 1 ). Our findings suggest that few nonbreeding pairs were present on the islands surveyed in 1997. However, we cannot discount the possibility that we failed to detect nonbreeding gulls and terns occurring elsewhere in the Belcher Islands (e.g., foraging at sea).
It appears that 1997 was a good breeding year for both gulls and terns in the Belcher Islands. We infer that the reduction in the number of nesting females was due to a real numerical decline in the local breeding population, rather than to redistribution of nesting birds or extensive nonbreeding by females.
Population Trends of Gulls
The number of gull nests found in the Belcher Islands was about half the number counted in the 1980s. Populations of glaucous gulls nesting in association with thick-billed murres on Coats Island and the Digges Islands in northern Hudson Bay have remained stable for the last 15 years (Gaston and Gilchrist, unpublished data) . This fact suggests that the declines in the number of gulls nesting in the Belcher Islands have occurred in response to local conditions.
The nesting population of gulls may have declined in response to the 75% decline in the common eider population nesting in the Belcher Islands (Robertson and Gilchrist, 1998) . During the breeding season, gulls often prey upon eider eggs and chicks (Munro and Bédard, 1977; Swennen, 1989; Mehlum, 1991; Robertson and Cooke, 1993) and steal food items brought to the surface by foraging adult eiders (Schenkeveld and Ydenberg, 1985) . A decline in these food resources may have resulted in the starvation of chicks during the summer. However, we suggest that failed reproduction is insufficient to explain the large and rapid decline of nesting gulls between the two survey periods. Perhaps over time adult gulls emigrated out of the Belcher Islands to nest elsewhere in response to failed reproduction.
Higher adult mortality and emigration rates of gulls may also have occurred in response to changing sea ice conditions in the Belcher Islands. Polynyas around the Belcher Islands that normally remain open all winter froze in the early 1990s (McDonald et al., 1997) . These freezing events apparently prevented access to marine food resources and resulted in mass die-offs of marine birds, particularly eiders, in the region (McDonald et al., 1997) .
Population Trends of Arctic Terns
The numbers of nesting arctic terns declined in all regions where they were originally present in the 1980s, although the decline was significant only for the Laddie Islands. Our ability to detect significant declines was limited by the high variance associated with the number of nests per island (i.e., many islands did not have any nests on them) and the reliance of our analysis on data summarized in the 1980s. However, direct comparisons of individual islands that had supported large colonies in the 1980s showed dramatic declines. For example, in the Laddie Island region, we found only three nests on an island that had supported 78 nests in 1985.
Tern colonies are known to move after being disturbed or displaced from their nesting areas (Morris and Hunter, 1976) . Resident Inuit of the Belcher Islands collect tern eggs as a delicacy, so colonies that are easily accessible to egg-gathering parties may be abandoned after a single year or several years of reproductive failure (Forbes et al., 1992) . Interestingly, the greatest declines for both gulls and terns occurred in the Laddie Islands, the region most accessible to Inuit from Sanikiluaq. If terns had moved to other islands within the Belchers, we would expect, given our extensive survey coverage, to have found some regions where tern numbers increased (see Methods). However, we did not find any regions within the Belcher Islands where the numbers of arctic tern nests had increased. It is possible that the terns breeding in the Belcher Islands in the 1980s emigrated to breed elsewhere. However, the Belcher Islands are isolated in Hudson Bay (the nearest island archipelago is the Nastapoka Islands, 120 km to the east), so the destination to which arctic terns would emigrate is not apparent.
Factors away from the breeding grounds can reduce adult survival and the population size of nesting terns. For example, roseate tern (Sterna dougallii) populations in New England are declining, and low annual survival is implicated as the cause (Spendelow et al., 1995) . However, this unexplained mortality is not occurring on the breeding grounds (Spendelow et al., 1995) . A similar, and as yet unidentified, source of mortality may be causing the observed decline in the numbers of nesting arctic terns in the Belcher Islands. Identifying local and global factors will be crucial in maintaining arctic tern populations in the Belcher Islands in the future.
